Food allergies and food intolerances are clinically difficult to discriminate. Most often, along with cutaneous adverse food reactions or CAFR, they are classified as adverse food reactions, whose causes are numerous, including toxic compounds.
Introduction
Food allergy refers to a clinical syndrome caused by an acute or chronic immunological reaction following food ingestion, while food intolerance is a non-immunological abnormal physiological response towards some specific foods or food additives. Due to their often-difficult differentiation, these phenomena are generally included in the generic non-specific adverse food reaction syndrome, which can also involve the cutaneous system and are most often referred to as cutaneous adverse food reactions or CAFR. Although there is a lack of well--documented cases of skin-related food intolerance in dogs and cats, dermatological signs seem to be frequent. However, these can often be confused with pyoderma, pruritic exudative dermatoses or "hot spots" (Roudebush et al. 2000 , Verlinden et al. 2006 .
A typical clinical feature of CAFR in cats is the onset of non-seasonal head and neck pruritus, which may occur in animals from 3 months to 11 years with irregular occurrence depending on many factors, including the diet administered to the animals (White and Sequoia, 1989, Carlotti et al., 1990) . Other clinical signs of CAFR include eosinophilic granuloma complex lesions, miliary dermatitis and symmetrical alopecia as a consequence of excessive grooming (Guagumre, 1993) .
A recent paper from Mueller et al. (2016) reviewed and suggested some food allergens as mostly contributing to CAFR in cats, e.g. beef, fish and chicken (Mueller et al. 2016) . The large variety of protein sources led the authors to assume that these numerous different types of food could act as carriers of similar compounds, including antibiotics and hormones, which might in fact represent the real cause for the onset of dermatological symptoms in those animals particularly sensitive. The potential role of pharmacologically active substances, in particular tetracyclines and their metabolites present in meats and meat-based foods (Chi et al. 2014 ) was proposed and subsequently discussed.
Due to the lack of clinical evidence concerning the efficacy of pet food to treat CAFR in cats, we aimed to ascertain the role of a specific, commercially available nutraceutical diet in relieving the symptoms of CAFR such as drooling, back and neck intense itch, neck eczema, chronic conjunctivitis and stomatitis in 18 indoor-housed cats. We also attempted to correlate the concentration of oxytetracycline in the sera of the animals with the onset and disappearance of the aforementioned symptoms.
The nutraceutical diet proposed in this study consisted of a mixed formula of fish hydrolysed proteins (from wild caught anchovies free of oxytetracycline), rice carbohydrates, Aloe vera, Arctium lappa, Malva sylvestris, Ribes nigrum, Allium sativum and Omega3/6 fatty acids (1:3 ratio).
Some literature reports have already evidenced the effectiveness of Aloe vera gel and Aloe vera/olive oil combination cream in relieving scabietic and chronic pruritic skin lesions, respectively (Oyelami et al. 2009 , Panahi et al. 2012 ). However, according to a recent paper from Sidgwick et al. (2015) , there is still limited clinical evidence of the efficacy of Aloe vera, as well as vitamin E and D, to support its efficacy in completely restoring skin scarring (Sidgwick et al. 2015) . Itch relief has been also observed for Arctium lappa but in the form of herbal moisturising cream (Lee et al. 2013) . We demonstrated, for the first time, the effectiveness of a nutraceutical diet with Aloe vera, Arctium lappa, Malva sylvestris, Ribes nigrum, Allium sativum and Omega3/6 fatty acids in canine models suffering from atopic dermatitis and chronic otitis externa (Di Cerbo et al. 2014b , Di Cerbo et al. 2016a ). We also recently reported the anti-inflammatory and immune-modulatory effect of Aloe vera alone ) and in combination with other botanicals (Cortese et al. 2015 , Destefanis et al. 2016 ).
Materials and Methods
Eighteen client-owned indoor-housed neutered cats of different breeds (mean age ± SEM, 6.55 ± 0.95 year and mean weight ± SEM, 4.01 ± 0.14 Kg; 55.6% males, 44.4% females) with evident clinical symptoms related to CAFR (drooling, back and neck intense itch, neck eczema, chronic conjunctivitis and stomatitis) were evaluated.
The animals were randomly divided and assigned to receive either the nutraceutical diet (ND group, n = 9) or a standard diet (SD group, n = 9) once a day for 60 days, following the manufacturer's recommendations.
In addition, 6 out of 18 cats that showed a critical clinical picture with extended lesions were preventively pharmacologically treated with a single subcutaneous injection of an antimicrobial (CONVENIA, Zoetis Belgium SA, Belgium) and a corticosteroid (DEXADRESON FORTE, MSD Animal Health srl, Milan, Italy) before being equally allocated to the 2 groups.
The diets
Both nutraceutical and control diet fulfilled the recommendations for crude protein (31%), crude oils and fats (15%), crude ash (7.7%), moisture (8%) and a Metabolized Energy (ME) of 3.620 kcal/kg (or 15.2 MJ/kg), according to the Nutritional Guidelines for complete and complementary pet food for cats and dogs. Moreover, the diets were in the form of kibbles industrially produced with the same amount of vitamins (A, and E), trace elements (Choline chloride, Zinc sulphate monohydrate, and Cupric chelate glycine hydrate) and amino acids (DL-methionine) ( Table 1) . In addition, the ND was characterized by the presence of cold-pressed tablets composed by 60-80% of fish and vegetable hydrolyzed protein, 20-40% of minerals used as glidants and nutraceutical substances: Aloe vera, Arctium lappa, Malva sylvestris, Ribes nigrum, Allium sativum (Table 2) . 
Clinical evaluation
Cats received veterinary inspections before intervention, after 20 days, and at the end of the intervention after 60 days.
The work was performed in compliance with national and international regulations (Italian regulation D.L.vo 116/1992 and European Union regulation 86/609/EC) for procedures and animal care. The recommendations of the ARRIVE in animal research were also considered (Kilkenny et al. 2012) .
Before diet study initiation and at the end of the 60-day period, 4 mL of blood were drawn from each cat and analyzed using a tetracycline specific ELISA kit for pets (Cat. # DE -100430, Genemed Synthesis, Inc., San Antonio, USA).
At the first inspection before the study initiation, a gingival, ear and dermal swab was done for each cat, rolled over a microscope slide and allowed to dry before staining with Diff-Quik stain (Mercedes Medical, Sarasota, FL, USA) (Jackson et al. 2013) .
A picture of each cat before, after 20 days and after 60 days dietary intervention was acquired to evaluate and characterize the skin and the lesion type.
Lesion evaluation
The severity and the extent of each lesion was scored using a numerical rating scale with five degrees of severity (0 = none, 1 = very mild, 2 = mild, 3 = moderate, 4 = severe) and were assessed before and at the end of the study (Steffan et al. 2012) .
Pruritus evaluation
To assess the pruritus severity a five-point numerical VAS scale was used throughout the study based on cat behavior (0 = the cat was comfortable, grooming like any normal cat; 1 = the cat was grooming, but the pruritus was tolerable and the cat remained calm; 2 = the cat was grooming, but it was generally tolerable; 3 = the cat was grooming quite often, the cat was uncomfortable, nervous or often agitated; 4 = the cat was uncomfortable, grooming all the time) (Steffan et al. 2012).
Statistical analysis
Data were analysed using GraphPad Prism 6 software (GraphPad Software, Inc., La Jolla, CA, USA). All data are presented as means ± standard error of the mean. Differences in serum oxytetracycline concentration, skin lesion severity and pruritus intensity before and at the end of the evaluation period were analyzed using a two-way analysis of variance (ANOVA) followed by Sidak's multiple comparisons test. A *p<0.05 was considered significant.
Results
Cytological evaluations revealed a massive presence of corneocytes in all of the skin and ear swabs of cats (Fig. 1C,D) . The presence of a high number of keratinocytes with a nucleus and the almost complete lack of neutrophils in all cats indicates that the lesions derived from an exfoliative process, due to an increased epithelial turnover, rather than an inflammatory condition (Fig. 1A,B ) generally associated with a large number of inflammatory cells. No inflammatory cells, such as granulocytes and neutrophils, were observed with the exception of one cat in the ND group.
In the ND group a significant decrease in tetracycline serum concentration was observed from initial values of 108.30 ± 2.88 ng/ml to 88.78 ± 4.37 ng/ml after 60 days of treatment. No significant differences were observed in the SD group (Fig 2A, **p<0.01). As concerns the pruritus intensity, the score significantly decreased from a baseline value of 3.33 ± 0.23 to 1.66 ± 0.16 in the ND group. No significant differences were observed in the SD group (Fig. 2B , ***p<0.001).
Skin lesion severity of the ND group also significantly decreased after 60 days of evaluation, with respect to the baseline; the score decreased from a baseline value of 3.44 ± 0.17 to 1.44 ± 0.17. No significant differences were observed in the SD group (Fig. 2C , ***p<0.001).
All cats belonging to the ND group improved their dermatological status already after 20 days diet supplementation; however, their clinical picture, including skin lesions and pruritus intensity, significantly improved toward the end of the study (Fig. 3) . 
Discussion
Results evidenced the effectiveness of the ND, free of oxytetracycline, in restoring the normal dermal physiological homeostasis in cats with evident clinical symptoms related to CAFR (drooling, back and neck intense itch, neck eczema, chronic conjunctivitis and stomatitis). In the present study, all cats presented lesions characterised by exfoliative dermatitis. Exfoliative dermatitis is characterized by a generalized severe squamation and can be caused by pharmacological agents and food allergies (Scott, 1988 , Miller et al. 2013 .
Normal epidermal turnover is approximately of 22 days (Baker et al. 1973) . It has been demonstrated that turnover time significantly decreases to 15 days after dermal stress, i.e. hair cut (Baker et al. 1974 ) and surgically-induced wounds, where epidermal mitotic activity results increased (Miller et al. 2013 ). A turnover time decrease to 7 days has been also observed in Cocker Spaniels and Irish Setters affected by seborrheic skin (Baker and Maibach 1987) .
In the present study, treatment with the neutraceutical oxytetracyline-free diet was associated with a significant improvement in the skin conditions prealably observed in the animals. As already demonstrated, a 6 to 8 week restrictive elimination trial is needed to allow the diagnosis of CAFR in 90% of the animals confirming our diagnostic working hypothesis (Olivry et al. 2015) . This dramatic improvement may be related to the decrease in serum concentration of oxytetracycline discussed below or with the use of the specific neutraceutical diet administered (or both). This certainly requires further investigation.
We recently identified a specific compound, oxytetracycline, as the possible underlying cause of most inflammatory pathologies both in vitro (Odore et al. 2015 , Di Cerbo et al. 2016b , Gallo et al. 2017 and in vivo (Di Cerbo et al. 2014a , Di Cerbo et al. 2014b , Di Cerbo et al. 2016a . To the best of our knowledge there is no clinical evidence of the effectiveness of other commercially available pet diets able to simultaneously exert an anti-inflammatory and re-epithelializating activity.
Although the overall recovery of CAFR symptoms can be mainly ascribed to the combined activity of hydrolyzed proteins, omega fatty acids 3/6 and botanicals present within the nutraceutical diet, we speculate that oxytetracycline may play a role in the cause of the CAFR clinical signs observed in the animals included in this study. Indeed, at initiation of the evaluation, all 18 animals had a significant blood concentration of oxytetracycline, which significantly decreased once fed the oxytetracycline-free neutraceutical diet.
Oxytetracycline belongs to the class of tetracyclines which are the most widely and legally used antibiotics in intesive farming, e.g. poultry , Odore et al. 2015 , livestock (Kimera et al. 2015) and aquaculture (Chuah et al. 2016 ), due to their low cost and efficacy (Chopra and Roberts, 2001) . Unfortunately oxytetracycline has also a high affinity for calcium-rich tissues such as bone and teeth Fig. 3 . Dermatological improvements of cats belonging to ND group before (A-C-E) and after (B-D-F) 60 days of diet supplementation. (Milch et al. 1957 ) and can remain fixed for extended periods in treated animals even respecting withdrawal times (Odore et al. 2015) . Moreover, pet food production relies on meal (mainly poultry) by-products (Maine et al. 2015) in which an important percentage of bone meal (20-30%) is present. This mix very often drags behind oxytetracycline residues that are present in commercially available diets (canned, semi-moist and dry) and can accumulate within the pet's body. Recently, the toxicity of milled bone from chickens treated with oxytetracycline at 20%, according to law standards, compared to bone specimen from untreated animals was demonstrated (Odore et al. 2015) .
These observations allow us to speculate about the potential toxicity of poultry derivatives which are oxytetracycline loaded and chronically consumed by companion animals, and pave the way for a new concept of food sensitization associated with the presence of oxytetracycline contaminants acting as the main enhancers of inflammatory processes, which typically characterize skin and gastrointesinal diseases.
Although the Food and Drug Administration (Headquarters 2012) and World Health Organization (Agency 2014) have recently established maximum residue limits in foods, antibiotic residues in foods may still be present (Graham et al., 2014) thus explaining the persistence of dermatological manifestations in our cohort of cats. This is particularly true as international regulations do not impose an antibiotic concentration evaluation in bones and fat, making pet food including these residues potentially dangerous (Communities 1996) .
This work deserves further evaluations however introduces already a worning statement concerning the presence of toxic antibiotics in food. They may indeed underlie or contribute to the etiopathogenesis of certain disorders or syndromes, usually ascribed to other causes or confused with allergic or intolerance syndromes or idiosyncrasies.
Taken together these data partially suggest a causative relation between some toxic compound including oxytetracycline residues and the impressive number of clinical cases, daily observed in our pet population. Their increased frequency over the last 20 years may eventually be related, with other causative toxic factors, to the continuous and overall increase in the consumption of packaged meat and meat by-products used for petfood production including snacks, treats, chews and biscuits. This hypothesis requires further research and evaluation.
